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Objective 1 was to investigate effects of heat stress and breed on milk and
component yield for Holstein and Jersey cows on the same farm. Objective 2 was to
determine the effects of breed on udder health as measured by somatic cell count (SCC)
during times of heat stress. Data were collected from DHIA records of 142 Jersey cows
and 586 Holstein cows from the University herd at Mississippi State University. During
heat stress Jersey milk yield and 4% fat corrected milk (FCM) increased (P<0.01).
Holstein milk yield and FCM decreased during heat stress (P<0.01). Heat stress affected
somatic cell count (SCC) although effects varied by intensity of heat stress. Breed did
not have an affect on SCC. Milk fat and protein percentages declined for both breeds in
heat stress conditions. Milk fat but not milk protein of Jersey cows increased as stress
increased from mild to severe.
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CHAPTER 1.
LITERATURE REVIEW
Introduction
Cattle breeds have been heavily selected for specific production characteristics
such as milk or meat production. Selection over time for milk producing traits, whether
total yield or nutrients, may have resulted in decreasing some fitness traits, which could
not keep pace because of less heritability. In the United States there are six major dairy
breeds. Each breed has traits, characteristics, strengths, and weaknesses unique to that
specific breed. The Holstein breed is well known for exceeding other breeds in total milk
production, while the Jersey breed is recognized for producing an abundant percentage of
milk fat.
Selection for milk production has increased yield dramatically for both Jersey and
Holstein cattle. From 1986 to 2008 average yearly milk production of dairy cows in the
United States increased from 6,026 kg to 9,251 kg (NASS, 2010), with Holstein and
Jersey breeds making up the majority of United States dairy cows (EPA, 2009). To
produce milk a cow has to consume energy above and beyond her maintenance
requirements or deplete body reserves of energy. To increase milk production, dairy
breeders selected cows for an increased capacity for dry matter intake (DMI). The ability
to produce large milk yields and the capacity for greater DMI may have increased
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internal heat production beyond the cow’s ability to dissipate heat and maintain optimum
body temperature (Kadzere et al., 2002).
The six major dairy breeds in the United States are all Bos taurus, and were
selected for their dairy characteristics in temperate climates. Heat tolerance of Bos taurus
cattle is not greatly heritable and is negatively associated with milk production
(Bohmanova et al., 2005). As breeders selected for greater milk production they may
have inadvertently also selected for cows with less heat tolerance.
Heat tolerance becomes even more problematic as milk production increases. If
predictions of global warming are accurate, an increased number of people and domestic
livestock will experience hotter or warmer climatic conditions. The Southeastern United
States already imports milk from cooler parts of the United States because dairy
producers in the region cannot meet demand. One reason for raw milk demand
exceeding supply in the Southeast may be the production lost due to heat stress.
Among the many characteristics of the dairy breeds in the United States, heat
tolerance and its effects on production and udder health have not been fully explored.
Anecdotal evidence and early research suggests that the Jersey breed might be more heat
tolerant than the Holstein breed (Brody, 1956, Collier et al., 1981, Harris et al., 1960,
Seath, 1947, Seath and Miller, 1947), with respect to milk yield. Genetic potential for,
and actual milk production, have increased dramatically since many of the early breed
comparison studies were conducted. In a recent review of the effects of dairy breed on
feed efficiency, Grainger and Goddard (2004), highlighted the paucity of research data on
the effect of breed. While there have been more recent comparisons of Jersey and
2
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Holstein cattle (Garcia-Peniche et al., 2006, Heins et al., 2008, Muller and Botha, 1998),
none has directly compared the effects of heat stress on milk yield and components or
udder health. Discovering any difference among dairy breeds for heat tolerance will
allow dairy producers in climates prone to heat stress to select appropriate cattle for
successful production.
Thermal Neutral Zone
As a homeotherm, a cow needs to maintain internal body temperature within a
narrow range. Body temperature usually is maintained by the thermoregulatory system
within 1°C of normal, during ambient conditions (Berman et al., 1985). If a cow is
unable to maintain thermal equilibrium within the environment, natural metabolic
processes will not work properly. The farther an animal moves away from its preferred
body temperature, the more detrimental temperature becomes to productive processes
(Kadzere et al., 2002). Dairy cattle are able to effectively regulate body temperature
within an upper critical temperature (UCT) and a lower critical temperature (LCT) zone
known as the thermal neutral zone (TNZ). If the temperature exceeds the upper critical
temperature the cow is unable to effectively regulate her internal body temperature. The
range of the TNZ depends on age, species, breed, feed intake, diet composition, previous
state of temperature or acclimatization, production, specific housing and pen conditions,
tissue insulation, external insulation, and behavior of the animal (Yousef, 1985). With all
of the variables that affect TNZ, the range of temperatures is still relatively narrow.
Lactating dairy cows prefer ambient temperatures of 5°C to 25°C (Kadzere et al., 2002).
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Upper Critical Temperature
The UCT is the ambient temperature at which the animal decreases heat
production as a consequence of an increase of body temperature resulting from
inadequate heat loss (Yousef, 1985). Silanikove (2000), defines UCT as the ambient
temperature when the metabolic rate increases; evaporative heat loss increases; or tissue
thermal insulation is minimal. The effects that environmental conditions may have on
specific animals can vary widely. Therefore, UCT can vary from animal to animal
depending on current physiological state, previous climatic experience, and other
environmental conditions such as wind speed and relative humidity. At temperatures
hotter than UCT an increase in body temperature negatively influences performance,
reduces milk production, changes milk composition, and the cow enters heat stress
(Kadzere et al., 2002). Research considering ambient temperature to determine the UCT
of lactating Holstein cattle has produced consistent conclusions. The UCT for lactating
dairy cows does not vary due to acclimatization status or yield (Berman et al., 1985).
Any climatic condition that a lactating dairy cow perceives as a temperature greater than
25°C leads to heat stress, and negatively impacts all production measures.
When determining UCT and effects of increased temperature of cattle, diurnal
temperature patterns cannot be ignored. If ambient temperature is hot during the day and
cooler during the night, cows can dissipate heat gained during the day and avoid negative
effects of excessive day-time temperatures (Bitman et al., 1984). Cows are equipped
with phenotypic, physiological, and biochemical adaptation mechanisms that can help
them to adapt to hot environmental conditions by gradual acclimation (Yousef, 1985).
4
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Problems arise when hot conditions are sudden or prolonged. During abrupt or extended
periods of extreme heat, cows are less likely to acclimate (Kadzere et al., 2002). In the
Southeastern US, summer temperatures exceeding the UCT for prolonged periods
without a diurnal decrease are common.
Temperature Humidity Index
Heat indices were developed in an attempt to combine multiple environmental
measures into one single indicator of environmental experience for an animal. The limits
of using the single measure of ambient air temperature as a measure of animal stress led
to the use of the temperature humidity index (THI). Combining temperature and
humidity measures into an index was first developed and applied to humans by Thom
(1958). Research regarding temperature effects on cattle led to the THI being extended
to cattle by Johnston (1963). Using an index in place of a single measure is valuable if
the index can more accurately predict outcomes compared to a single measure.
Researchers have developed and shown the usefulness of different indices that combine
several distinct environmental components into one measurement (Mader et al., 2010).
Since the development of the original THI in 1958, several versions of the THI have been
formulated and applied to studies of heat stress of animals (Bohmanova et al., 2007).
Most versions of the THI make adjustments to the amount of influence that humidity has
in the equation. Others however, add measures such as wind speed and/or solar radiation.
Development of different indices and distinct versions of the THI have all been in
an effort to increase overall predictive accuracy. Researchers have tried to fit indices to
be accurate predictors of certain outcomes such as milk yield, rectal temperature, or
5
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respiration. To measure heat stress of dairy cattle, the most commonly used THI includes
effects of humidity and ambient temperature. Not all versions of the THI are created
equal. In a study comparing cows in Arizona, a state with low humidity, to cows in the
state of Georgia, an area with greater humidity, Bohmanova et al. (2007), demonstrated
that a THI emphasizing humidity was a more accurate predictor of milk yield for cows in
Georgia than in Arizona. Accordingly, a THI with less emphasis on humidity predicted
milk yield more accurately in Arizona. Overall the THI has been shown to predict
accurately outcomes associated with dairy cows, such as milk yield and respiratory rate.
While some versions of the THI are more exact than others, all have been shown to be
adequate.
Heat Stress
Stress has been defined as an event (physical, environmental, psychological, etc.),
which significantly challenges animal homeostasis (Williams and Moberg, 1975). Heat
stress was defined as any temperature related forces that induce sub-cellular level to
whole animal level adjustments to help the cow better fit its environment (Kadzere et al.,
2002). During periods of hot temperatures, cows can dissipate heat through radiation,
convection, evaporation and conduction (Finch, 1986). If heat gain exceeds heat loss
from those factors heat is stored and body temperature rises. Because heat flows from
warmer objects to cooler objects, when a cow is cooler than the ambient temperature,
heat around the cow will move from the air to the cow’s body. For a cow, the ability to
dissipate heat in air that is hotter than normal body temperature is limited to evaporative
heat loss from sweating and panting. When hot temperatures accompany increased
6
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relative humidity, evaporative cooling from panting and sweating may not dissipate
sufficient heat to maintain optimum body temperature. Heat stress is characterized by
elevated respiration rates and rectal temperatures, and has been implicated in impaired
metabolism and in poor reproductive performance (Kadzere et al., 2002). Even relatively
short increases of temperature have profound effects on tissue and endocrine function that
can reduce fertility, growth, lactation, and the ability to work (McDowell et al., 1976).
Cows producing large quantities of milk during early lactation are more sensitive to heat
stress, and milk production will decline when rectal temperature exceed 39° C for more
than 16 hours (Igono et al., 1992). Keister (2002), showed that a difference of only two
index points hotter lead to an increase of respiration rate by 22 breaths/min and increased
external fore udder temperature by 2.2° C. Heat stress can cause serious impairment in
bodily functions and also death. If prolonged, extreme heat stress can be a major
challenge for the lactating dairy cow producing large quantities of milk.
Heat Dissipation
Cows can dissipate heat by conduction, convection, radiation, evaporation of
sweat, and panting. Dissipating heat through the mechanisms of radiation and convection
does not require energy expenditure. In conditions where THI is less than 72, cows will
use mostly radiation and convection for heat dissipation. Under conditions of heat stress,
cattle increase evaporative heat loss by both panting and sweating, with sweating being
quantitatively superior to panting (Kadzere et al., 2002, McLean, 1963). The maximal
rate of heat lost from water evaporation in lactating cows is 4.3 kJ/day (Berman et al.,
1985). This is roughly equivalent to heat produced by a dry non-pregnant cow but only
7
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about half of the heat that is produced by a cow producing large quantities of milk
(Kadzere et al., 2002). Similar results were reported by Purwanto (1990), for cows
producing 31.6 kg/d of milk having 48.5% more heat production. For cattle experiencing
heat stress, about 15% of endogenous heat is lost directly from the body core via the
respiratory tract (McDowell et al., 1976). Evaporation of sweat from the skin of cows
and panting are significant and effective cooling mechanisms. However, these methods
of heat dissipation are most efficient in hot, dry conditions when evaporation can be
maximized. The proportion of metabolic heat that is dissipated from an animal’s body by
evaporation increases with hotter environmental temperatures and a decreasing
temperature gradient between the animal and the air (Kadzere et al., 2002). At night
when ambient temperatures decrease, heat flow may reverse direction with stored heat
being dissipated from the animal back to the environment and the body temperature may
fall (Kadzere et al., 2002). Although equipped with several mechanisms for heat
dissipation, the dairy cow manages cold conditions much better, given that her systems of
thermo regulation can quickly be overwhelmed during hot humid conditions.
Dry Matter Intake
To sustain production, the lactating dairy cow has to consume large amounts of
feed. The process of breaking down that feed, maintaining her body processes, and
synthesizing milk, all contribute to heat production. One of the first actions a cow will
take to limit internal heat production during times of heat stress is to decrease her DMI.
Hot ambient temperatures affect feed intake, milk production, and thermoregulation
activities which in turn affect the rate of heat production by the cow (Igono et al., 1992).
8
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Other factors that influence heat production include body size, species, breed, and the
availability of feed and water (Kadzere et al., 2002). Heat from digestion is produced by
fermentation in the rumen, the tissues of the liver and in the gut. A major challenge the
lactating dairy cow faces for thermo regulation is dissipating heat produced from her
utilization of feed.
Milk Production
When environmental temperature exceeds the TNZ, milk composition changes
and production declines (Kadzere et al., 2002). Specifically, fat and protein content of
milk decrease and shorter-chain fatty acids decrease while long-chain fatty acids increase.
West et al. (2003), reported that increased rectal temperatures caused by elevated THI
were associated with decreased milk yield. A decline of milk yield was reported for THI
above 72 (West, 2003). Bouraoui et al. (2002), established that heat stress affected milk
production, and milk composition. In their study, heat stress reduced daily milk yield by
21% from 18.73 kg to 14.75 kg when the THI increased from 68 to 78. For each point
increase of the THI value above 69, milk yield decreased by 0.41 kg per cow per day
(Bouraoui et al., 2002). Along with reduced daily milk yield, Bouraoui et al. (2002),
reported decreased yields of milk fat and protein from heat stressed cows.
Digestive Tract
Heat stress can lead to a reduction of chewing time and suppression of appetite,
leading to reduced DMI. Because it is essential for the cow to absorb adequate nutrients
for her own maintenance requirements, flow rate in the rumen and stomach are slowed to
increase breakdown and absorption. To increase absorption during heat stress, blood
9
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flow rate of the digestive tract is decreased (Abeni and Bertoni, 2009). Feed intake has
been negatively correlated to daily minimum, mean and maximum THI, and to mean
ambient temperature (Bouraoui et al., 2002). In the same study, Bouraoui et al. (2002),
found that DMI decreased by 1.73 kg or 9.6% in cows experiencing heat stress. In
another study, exposure to heat stress reduced DMI by 14.6 kg and milk yield by 11.8 kg
compared to thermo neutral conditions (Spiers et al., 2004). Dairy cows in hot conditions
do not like to eat and will reduce DMI to decrease internal heat production.
Meeting energy demand necessary to produce large quantities of milk is an
enormous challenge. During periods of peak milk production, it is difficult for the cow to
consume the energy required to maintain milk production. The cow has a finite capacity
for DMI, to provide ample energy from the diet to supply the cow’s needs; energy intake
must be maximized with energy dense feedstuffs. In monogastric animals, the feeding of
fat offers a way to provide energy dense, digestible, feedstuffs. In dairy cattle producing
large quantities of milk, feeding fat was shown to increase milk yield during hot
conditions (Bauman et al., 2008). However, the usefulness of fat in the diet of lactating
dairy cows is limited because fat reduces DMI and decreases fiber digestibility (Bauman
et al., 2008). Diets with large amounts of easily digestible feeds are one approach to
increasing energy intake when DMI decreases. Feeding ionophores can increase the
production of propionate and reduce the production of methane, therefore enhancing
energy efficiency (Russell and Strobel, 1989). A drawback to use of ionophores comes
from research indicating ionophores decreased DMI in sheep (Johnson and Johnson,
1995). West et al. (2003), reported that elevated rectal temperatures of dairy cattle were
10
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associated with reduced DMI. Any extra energy gained by feeding ionophores, fat, or
other energy dense feedstuffs might be offset by decreased DMI. When DMI is reduced
and diets containing a large amount of concentrates are fed to cattle, the risk of rumen
acidosis increases. Rumen acidosis can further depress appetite and reduce DMI.
Metabolic Responses
A large enough decrease in DMI during heat stress has the obvious effect of
reducing milk yield. Several studies have established that milk yields are reduced to a
greater extent than can be explained simply by decreased DMI (Bouraoui et al., 2002,
West et al., 2003). A large portion of the direct effect of heat stress on milk production
may have to do with energetics (Wheelock et al., 2010). In one study, heat stressed cows
were compared to cows housed at a thermal neutral temperature and fed a partial ration to
simulate reduced DMI during heat stress. The thermal neutral cows were fed a restricted
diet equivalent in energy to that consumed by the heat stressed cows. The heat stressed
cows had more than double the reduction of milk yield when compared with the cows
receiving the restricted energy diet (West et al., 2003). This finding corresponds with
previous research and shows that reduced nutrient intake accounts for only a portion,
approximately 50% in this study, of the decrease of milk synthesis (Wheelock et al.,
2010).
Endocrine Responses
Endocrine responses to heat stress are triggered by animal distress, which occurs
when adaptation is unachievable, thereby causing a reduction in well-being (Broom et al.,
2003). Through the central nervous system the animal is able to perceive a problem.
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After perceiving a problem the animal must develop a response. Moberg (1999),
described the combination of four general biological defense responses to perceived
problems: behavioral, autonomic nervous system, neuroendocrine and immune. When
the first two defense mechanisms of changing behavior or autonomic responses fail to
reduce effects of heat stress, the cow must employ a neuroendocrine or immune response.
Homeostasis is not maintained when the endocrine and immune systems are activated and
some biological functions can be adversely modified (Abeni and Bertoni, 2009). Even
small upward shifts of core temperature have profound effects to tissue and endocrine
function that can reduce fertility, growth, lactation, and the ability to work (McDowell et
al., 1976). Once immune and endocrine systems are activated they pull resources from
other systems and the cow is not able to function normally.
Housing
A standing cow will lose little heat because of the presence of a layer of air
against the skin, which means most heat transfer from the animal takes place to air, and
air has a poor thermal conductivity (Yousef, 1985). Providing adequate comfortable
bedding encourages cows to lie down, where they will have more conductive heat loss.
Heat transfer by the standing cow underscores the importance of shade. When a cow is
provided a comfortable cool place to lie down she will be able to dissipate more heat than
when she remains standing. If the temperature of the ground on which the animal is lying
is hotter than skin temperature, then the animal will gain heat by conduction, adding to
the metabolic heat load (Kadzere et al., 2002). Dairy cow housing negatively affects cow
welfare during the summer season when shade is unavailable, barns are not correctly
12
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oriented, building materials have exceptional thermal conductivity, barn indoor volume is
too small, or poor natural ventilation is not compensated by a fan system (Abeni and
Bertoni, 2009). Housing can accentuate heat stress as with the case of poor ventilation or
diminish heat stress as with the case of providing shade.
Somatic Cell Count
It was reported that somatic cell counts (SCC) peak during the summer months of
July and August with reduced counts in cooler months. Lievaart et al. (2007), found that
in cows with low or medium SCC, August was the month when SCC peaked. July was
the peak month of SCC of cows with SCC over 7.5 (Lievaart et al., 2007). In a study
using bulk tank SCC, it was learned that the season of the year presented a significant
effect on mean bulk tank SCC. Mean bulk tank SCC was greatest with 209,000 cells/mL
in September and least with 150,000 cells/mL in March (El-Tahawy and El-Far, 2010,
Olde Riekerink et al., 2007). This result agrees with El-Tahawy and El-Far (2010), who
found that SCC’s were greatest during Autumn. Igono et al. (1988), noted that SCC was
generally least during winter months, intermediate in spring and greatest during summer,
recording peak amount during July, August and September. They also showed that with
increasing THI, there was a corresponding increase of SCC (Igono et al., 1988). Analysis
of bulk tank SCC data revealed substantial seasonal differences with summer months
having significantly greater bulk tank SCC (Tomaszewski et al., 2005). Non-infected
cows subjected to either heat stress or housed in a thermo-regulated environment had
significantly different SCC of 1.45 and 1.05 respectively (Harmon, 1994). The increase
during summer months does not appear to be entirely due to elevated temperatures
13
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because attempts to reproduce the condition by putting cows in environmentally
controlled chambers and increasing the temperature have not been successful (Dohoo and
Meek, 1982).
With field data that point to heat stress as the agent responsible for elevated SCC
during summer months, and conflicting data from thermo chamber studies, researchers
have investigated other explanations. Increased incidence of milk somatic cells during
summer months apparently derives from development of clinical mastitis of cows that
were previously subclinical. Effect of management practices such as sprinkling water on
cows, tend to introduce more pathogenic organisms to the udder area (Collier et al.,
1982). Reneau (1986), put forth two suggestions to explain the increase of SCC during
hot weather. According to his research the seasonal effect is the natural result of: 1)
increased bacterial contamination of teats during weather that provides better conditions
for bacterial growth; and 2) circumstances where these natural forces are not countered
by sound management practices (Reneau, 1986). A portion of this difference in SCC
may be due to the decreased milk production that is observed with heat stress. These
findings support the concept that temperature stress per se is not the cause of increased
SCC, but rather is the result of greater exposure of teat ends to pathogens, resulting in
more new infections and clinical cases during summer months (Harmon, 1994). When
cows were subjected to hot temperatures, researchers detected no increase of milk
somatic cells during the period of hot ambient temperature (Paape et al., 1973). It would
appear from this experiment that heat stress will not cause elevations of somatic cell
content in milk from uninfected quarters (Paape et al., 1973).
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Several authors have suspected heat stress has a deleterious effect on the immune
system of the cow. Researchers showed that extreme events (heat waves) were
associated with depressed cellular immunity, and greater concentrations of plasma
cortisol (Lacetera et al., 2005). Milk somatic cells are primarily leukocytes or white
blood cells, which include macrophages, and lymphocytes (Harmon, 1994). At a certain,
yet to be established, threshold of stress, the immune system will no longer function
properly because the cow is more threatened physiologically by increased body
temperature. Cows housed in a tunnel barn SCC was 27% and 49% less than cows
housed in a conventional free-stall barn with no fans (Smith et al., 2006). The reduction
of SCC in milk from cows housed in the tunnel barn could result from reduced exposure
to pathogens, but may also imply improved immune competence for cows receiving
evaporative tunnel ventilation. One proposed advantage of evaporative tunnel cooling is
that it decreases exposure to pathogens by removing excess water used for cooling from
the environment of the cow; yet, by reducing the exposure to heat stress, tunnel
ventilation cooling may additionally improve immune competence, making cows better
able to combat mastitis-causing pathogens (Smith et al., 2006). Tunnel cooling offers
the benefits of decreased SCC but the mechanism through which tunnel ventilation
decreases SCC is still undetermined.
Adaptations
Among species, different breeds show varying amount of adaptation to thermal
stress. It is also generally accepted that Bos taurus cattle are less adapted to tropical and
subtropical heat and also less adapted to humid environments than Bos indicus and Zebu
15
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cattle (Kadzere et al., 2002). There were noted breed differences between Jersey and
Holstein cows for the rate of heat production and dissipation which may be attributed to
differences of body size (Brody, 1956). The temperature gradient between internal
organs and external environment is steeper in the smaller Jerseys than in larger Holstein
cows. Kendal and Webster (2009), reported no significant breed differences of mean or
maximum body temperature, with similar changes of body condition scores for each
breed. Mean body temperature in summer tended to be greater, and the daily minimum
body temperature of lactating Jersey cows was hotter with no difference between breeds
during any other measurement period (Kendall and Webster, 2009). West (2003),
reported a decline of milk yield by Holsteins that was more rapid than by Jerseys across a
range of THI from 72 to 84. Jerseys had a tendency to have cooler rectal temperatures
across the same range of THI, with Holsteins showing 0.3° C greater body temperature
than Jerseys (West, 2003). Breeds differed with rectal temperature response to black
globe temperature with rectal temperature of Jersey cows always being less than
Holsteins (Collier et al., 1981). However, breed differences of rectal temperature
response to black globe temperature were not evident with respiration rate response to
black globe temperature (Collier et al., 1981). Because respiration rate did not vary
between breeds, Collier et al. (1981), concluded, this avenue of heat loss was probably
not responsible for breed differences.
Sire Effects
As heat tolerance has become more important for dairy producers studies have
been done to assess the heritability and effect of sires on heat tolerance of dairy cows.
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Sires that were most heat tolerant transmitted to their daughters, less milk yield with
greater fat content (Bohmanova et al., 2005). Daughters of the most heat-tolerant sires
had better type, worse dairy form, better udder and body composites, and longer
productive life (Bohmanova et al., 2005). Selection against heat tolerance occurs due to
economic factors which compel selection based upon financially import traits such as
milk yield. The economic effect of heat stress may be larger than that measured by milk
yield alone; for example, the toll of reduced fertility and increased mortality (Aguilar et
al., 2010). Selecting for heat tolerant bulls can increase productive life, better fertility,
and type (Aguilar et al., 2010, Bohmanova et al., 2005).

Summary
Many factors contribute to expenditures associated with heat stress. Some costs
appear in the form of decreased production, increased health problems, slower growth,
and increased reproductive problems. Heat stress will become more of a concern in the
future as metabolic heat production increases in tandem with advancing milk yield and if
climate change continues to evolve toward a warmer environment as some predict
(Wheelock et al., 2010).
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CHAPTER 2.
PROJECT OUTLINE
Introduction
Effects of heat stress on production dairy cows are well documented (Fuquay,
1981, Rhoads et al., 2009, West, 2003, West et al., 2003). Temperature humidity index
values above 76 cause extreme stress of lactating cows because they are unable to
maintain normal body temperature (Igono et al., 1992). Heat stress decreases milk
production, inhibits reproduction reduces immune function and decreases DMI. The vast
majority of the world’s human population live in subtropical or tropical climate zones. If
predictions of global warming are accurate, even more people, and by necessity animals,
will be living in hot climatic conditions. The importance of being able to efficiently
produce milk in warmer temperatures will also increase as demand for milk grows.
Currently the Southeast United States imports milk from more temperate climate zones.
The lack of adequate milk production in the Southeast largely results from the hot
climate, and subsequent production losses due to heat stress. Recent research shows that
only 35% of the decrease in milk production could be explained by decreased DMI
(Rhoads et al., 2009). Hotter ambient temperature combined with greater relative
humidity has been implicated as the cause of increased death of dairy cows during the
summer months of July and August (Vitali et al., 2009).
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Negative effects of elevated THI are probably mediated through the direct effect
of increasing body temperature and decreasing DMI. Research has indicated that the
effects of a given temperature on milk production are maximal between 24 and 48 hours
following heat stress (Collier et al., 1981, Spiers et al., 2004). It has also been reported
that ambient weather conditions two days prior to milk yield measurement had the
greatest correlation to decreases in milk production and DMI (West, 2003). In addition,
the total number of hours that THI is greater than 74 or 80 over a 4 day interval had the
greatest correlation (P < 0.01) with the decline of milk yield (Linvill and Pardue, 1992).
It is thought that minimum THI is correlated more with a reduction of feed intake
compared to maximum THI (Holter et al., 1996). Results demonstrate that a THI as little
as 68 affects dairy cows adversely (Zimbelman et al., 2009).
Climatic chamber studies have established that heat stress alone does not increase
SCC of cows that are healthy before onset of heat stress. It appears that the increase of
SCC arises from cows that already have clinical or subclinical mastitis. Chamber studies
have also indicated that there was reduced immune response during heat stress. Other
studies have shown a relationship between greater summer SCC and increased pathogen
loads during the summer months. Most literature attributes the seasonal effect of
increased SCC as a natural result of increased pathogen exposure or poor management
practices. Increased pathogen exposure does not seem to explain elevated SCC in
grazing cattle. Decreasing temperatures with shade, air conditioning, or tunnel ventilation
has decreased SCC. Many studies comparing Holstein and Jersey responses to heat stress
present contradictory results. One of the major sources of variation in these studies of
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dairy cows comes from differences of management. Accordingly data was collected on
one farm to minimize management bias and differences of pathogen load by comparing
the impact of heat stress to udder health and milk production by Jersey and Holstein
cows. The objective of this study was to investigate effect of heat stress and breed on
milk and component yield for Holstein and Jersey cows on the same farm. A second
objective was to determine the effects of breed on udder health as measured by SCC
during times of heat stress.
Materials and Methods
Cow and Climatic Data
Data were collected from monthly DHIA records of the Mississippi State
University dairy herd at the Bearden Research Dairy near Starkville, Mississippi. After
the removal of duplicates, a total of 16,429 individual monthly records from 1997 to 2010
pertaining to Holstein and Jersey cows were used. There were 3,442 observations from
142 Jersey cows that averaged 190 days in milk. Holsteins had 12,698 observations from
586 cows that averaged 205 DIM. Measures taken from the monthly records were yield,
milk fat percentage, milk protein percentage, and SCC. Milk yield and milk fat
percentage was used to calculate 4% fat corrected milk (FCM). The equation for
calculating FCM was:
FCM = (0.4 X milk yield) + (15 X fat yield)
Climatological data prior to 4/21/2002 were obtained from the National Weather
service station located at the Golden Triangle Regional Airport (GTR). Climatological
data after 4/21/2002 were obtained from the weather station operated by the Department
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of Geosciences on the campus of Mississippi State University (MSU). The Bearden
Research Dairy is approximately 8.85 kilometers south east of the MSU campus. The
GTR airport is located at 2080 Airport Rd, Columbus, Mississippi and is approximately
16 kilometers northeast of the dairy. The weather measurements included, maximum and
minimum temperature, along with maximum and minimum relative humidity. Any
missing weather measurements were obtained from the National Weather Service station
located at the Columbus Air Force base near Columbus, Mississippi. Measurements were
deemed missing if there were no measurements reported for a 24 hour period or if the
first measurement and the last measurement taken during a 24 hour period were less than
12 hours apart or if there were fewer than 12 observations reported for a 24 hour period.
Maximum and minimum ambient temperature and relative humidity were
determined from hourly data for each 24-h period and were used to calculate THI.
Temperature humidity index was calculated as proposed by West (2003). The equation
used for THI was:
THI = td ! (0.55 ! 0.55 RH) (td ! 58)
Where td is the dry bulb temperature in °F and RH is relative humidity expressed as a
decimal. Minimum, maximum and average THI were calculated for each day. Minimum
THI was calculated using minimum temperature and maximum relative humidity;
maximum THI was calculated using maximum temperature and minimum relative
humidity. Average THI was the average of maximum and minimum THI. The average
THI of test day to 3 days prior were averaged to create a combined THI.
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Cow Management and Heat Abatement
Cows were housed in two free stall barns at the Bearden Research Dairy. The
free stalls bedded with sand and cleaned and leveled between milkings. The barns were
equipped with fans and sprinklers that were manually switched on. The fans were
located over the feed alley and over the stalls while the sprinklers were located over the
feed alley. During the spring and fall, fans were turned on during the day when the
temperature was hot; at night fans were switched off, when temperatures were cooler.
The dairy manager determined when the temperature was hot enough to turn on the fans
by observing the cows for signs of heat stress, such as panting. When temperatures were
consistently hot during the day and night, the fans operated continually. Sprinklers were
managed similar to the fans. When the dairy manager felt that the fans were not doing
enough to alleviate the heat stress of cows sprinklers were turned on. As with the fans, in
spring and fall months, the sprinklers were operated during daytime hours; after
temperatures stopped declining during the night, the sprinklers ran continuously. Cows
were milked twice daily at approximately 0400 and 1500.
Statistical Analysis
Effects of combined THI, breed, and the interaction were analyzed using PROC
MIXED (SAS Institute, 2009). The dependent variables were test day milk yield and milk
components, SCC, and FCM. The model used included fixed effects for combined THI
(t), breed (b), and breed x THI, with DIM (d) as a covariate. All main effects were tested
along with all interactions. Using a design similar to that used by West (2003), combined
THI was transformed into categorical variables. Analysis 1 set combined THI values less
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than 72 equal to 1 where 1 represented “cool” climatic conditions. Any combined THI
value greater than or equal to 72 was equal to 2 where 2 represented “heat stress” climatic
conditions. In analysis 2, combined THI was transformed into three categorical
variables. Any combined THI value less than 79 was equal to 1 where 1 represented
“mild” heat stress conditions. Any combined THI value greater than or equal to 79 and
less than 90 was equal to 2 where 2 represented “moderate” heat stress conditions. Any
combined THI greater than or equal to 90 was equal to 3 and represented “severe” heat
stress conditions. The final model was:
Yijk = " + ti + bj + dk +eijk
Where Yijk = test day milk yield, fat corrected milk, or test day somatic cell count of the
ith THI, the jth breed, and kth DIM. Results are reported as least squares means, and
means were considered to differ when P # 0.05 and to tend to differ if P < 0.10.
Results and Discussion
Milk Yield
Analysis 1 showed a significant breed by THI interaction for milk yield (P <
0.01). During both heat stress and cool conditions Holstein cows had greater yield than
Jersey cows (P < 0.01; Figure 1). It has been established for many years that under
similar conditions Holstein cows produce more milk than Jersey cows. Data from
Holstein cows indicated that during heat stress a decrease in yield occurred from 34.20 kg
to 32.91 kg (P < 0.01; Table 1). This is similar to decreased yield of Holstein cows
during heat stress reported by other researchers (Sharma et al., 1983, Silanikove et al.,
2009, Zimbelman et al., 2009). Kadzere et al. (2002), cited several studies which
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indicated that milk production declines as a result of heat stress. During heat stress
Jersey cows increased yield from 24.79 kg to 25.66 kg (P < 0.01; Table 1). These results
are in contrast to others who reported a decrease in yield for Jersey cows during heat
stress (Bryant et al., 2007, West et al., 2003). West (2003), and Sharma et al. (1983),
both reported a more dramatic decline of milk yield for Holstein cows than for Jersey
cows for a range of THI.
Analysis 2 showed that Holstein cows had greater milk yield than Jersey cows (P
< 0.01; Figure 6). Holstein cows had a yield of 34.80 kg, 32.84 kg and 30.40 kg for mild,
moderate and severe heat stress, respectively (Table 2). Milk yield was different for
Holstein cows in all heat stress conditions (P < 0.01; Table 2). Jersey cows had a yield of
27.08 kg, 25.67 kg, and 23.76 kg for mild, moderate and severe heat stress, respectively
(Table 2). Milk yield during mild and moderate heat stress tended to differ (P < 0.10;
Table 2), while milk yield for moderate and severe heat stress were different for Jersey
cows (P < 0.01; Table 2). Interestingly milk yield by Jersey cows was not affected by
THI until severe heat stress, while Holstein milk yield declined for all heat stress
conditions (P < 0.01).
Somatic Cell Count
Analysis 1 showed an interaction between breed and THI for SCC (P < 0.01). In
heat stress the Holstein SCC of 3.59 and Jersey SCC of 3.50 (Table 1) were not different.
Likewise the results of cool periods showed no breed differences between Holstein SCC
of 3.75 and Jersey SCC of 3.86 (Figure 2). Holstein and Jersey cows both had less SCC
during heat stress than during cool conditions (P < 0.01; Figure 2). In analysis 2 when
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breeds were compared during mild, moderate, and severe heat stress, there was an
interaction between breed and THI for SCC (P < 0.01). Holstein and Jersey cows tended
to differ for SCC during mild and severe stress (P < 0.10; Table 2). As heat stress
progressed from mild to moderate, SCC of Jersey cows tended to increase from 3.61 to
4.10 (P < 0.10; Table 2). For Holsteins during the same conditions SCC remained at 4.18
for mild and moderate heat stress. Jersey SCC decreased from 4.10 to 3.31 from
moderate to severe conditions (P < 0.01; Table 2). Holstein SCC decreased from 4.18 for
moderate to 3.84 for severe heat stress (P < 0.01; Figure 8). Although there is a shortage
of breed comparisons in the literature this data suggests that there is no difference of SCC
between Jersey and Holstein breeds. These results are counter to anecdotal evidence that
greater THI leads to greater SCC. One reason that Jersey data from this study may not
agree with data from previous research is that most studies such as those done by
Zimbelman (2009), have been done with Holstein cows. Another reason could be that
some studies have been conducted in climatic chambers only and cows did not have time
to adjust, where cows used in the present study had time to acclimate and thus the
changes are not as dramatic as those seen for climatic chambers.
Fat Corrected Milk
In analysis 1 there was a significant breed by THI interaction for FCM (P < 0.01).
During both heat stress and cool conditions Holstein cows had greater FCM than Jersey
cows (P < 0.01; Figure 3). During heat stress FCM of Holstein cows decreased from
35.69 kg to 33.61 kg (P < 0.01; Table1). During heat stress FCM of Jersey cows of 29.68
kg did not differ from 30.22 kg during cool (Figure 3). The findings of the FCM of
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Jersey cows are interesting because they indicate THI did not affect FCM for Jersey cows
while increased THI had a negative effect on Holstein cows. When breeds were
compared in analysis 2 FCM of Holstein and Jersey of 34.25 kg and 31.97 kg,
respectively tended to differ during mild stress (P < 0.10; Table 2). During moderate and
severe stress Holstein and Jersey FCM were different (P < 0.01; Figure 7). As heat stress
increased from moderate to severe, FCM of Jersey cows decreased from 30.75 kg to
28.37 kg (P < 0.01; Table 2). Holstein FCM during moderate to severe heat stress
decreased from 33.65 kg to 31.14 kg (P < 0.01; Table2). All other measures of FCM
were not different for analysis 2. The findings from this study along with the increase of
Jersey milk yield during heat stress, suggest that Jersey cattle, while producing much less
milk than Holstein cattle, are better equipped to maintain current production during times
of heat stress.
Milk Fat Percentage
Analysis 1 showed a tendency (P < 0.10) for an interaction between breed and
THI. During cool and heat stress Jersey cows had greater milk fat content than Holstein
cows (P < 0.01; Figure 4). During cool conditions milk fat from Jersey cows was 4.69%
compared with milk fat from Holstein cows of 3.81% (P < 0.01;Table 1). Heat stressed
Jersey cows had a milk fat content of 4.60% while Holstein cows had a milk fat
percentage of 3.66% (P < 0.01; Figure 4). In analysis 2, fat content of milk from Holstein
and Jersey cows was different for mild, moderate, and severe heat stress (P < 0.01; Table
2). As heat stress increased from mild to severe milk fat content of milk from Jersey
cows did not differ. Milk fat content of milk from Holstein cows increased from 3.46%
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in mild conditions to 3.69% in moderate stress (P < 0.01; Figure 9). Holstein fat
percentage did not differ from moderate to severe stress (P < 0.01; Figure 9).
Milk Protein Percentage
Analysis 1 indicated milk from Jersey cows had greater protein content than milk
from Holstein cows (P < 0.01; Table 1). During cool conditions milk protein from Jersey
cows was 3.55%, milk protein of Holstein milk was 3.08% (P < 0.01; Figure 5). Milk
protein content for heat stressed Jersey cows was 3.64%. For heat stressed Holstein cows
milk protein percentage was 3.17% (P < 0.01; Figure 5). In analysis 2 there was a breed
by THI interaction for protein content (P < 0.01). Milk protein content of Holstein and
Jersey cows were different for mild, moderate, and severe heat stress (P < 0.01; Table 2).
As heat stress increased from mild to moderate milk protein percentage of Jersey cows
decreased from 3.71% to 3.63% (P < 0.01; Figure 10). Milk protein content of Holstein
cows decreased from 3.19% in mild heat stress to 3.14% in moderate heat stress (P <
0.01; Figure 10). Holstein milk protein content increased from 3.14% for moderate heat
stress to 3.20% for severe heat stress (P < 0.01; Figure 10).
Summary and Implications
Jersey cows used in this study were apparently more heat tolerant than
Holstein cows. The increased milk production of Jersey cows during heat stress
compared to the decreased milk production of Holstein cows during heat stress is not
enough to overcome the overwhelming difference of milk yield between the two breeds.
Breed differences did exist however, it appears that both breeds have decreased
performance during extreme heat stress even when heat abatement strategies are
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employed. When comparing results of this study to previous heat stress research heat
abatement does appear to have a dramatic effect for the response of cows to heat stress.
Future research should focus on comparing breeds for feed efficiency during heat
stress. While Holstein has an advantage over Jersey for total milk yield there still may
exist an advantage for Jersey for feed efficiency. Another area of future research is to
compare breeds for milk production and feed efficiency on a metabolic body weight basis
to investigate if the differences discovered with the current research still hold up.
Data from this study indicates that SCC and THI may have a curvilinear
relationship such that once a cow reaches a secondary UCT, immune function is
secondary to heat loss. This may lead to a reduced SCC but may not lead to decreased
clinical cases of mastitis. Further research is needed to ascertain whether hot THI
conditions have deleterious effects to microorganisms, which cause mastitis.
Furthermore, research is needed to determine if after experiencing severe heat stress and
what appears to be reduced immune response, that cows have an increase in clinical
mastitis cases. This study as with previous studies found that the relationship of SCC
with climate is complex. Future research needs to investigate what appears to be a
moderating role of heat stress effects of SCC.
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Table 1. Milk yield, milk components, somatic cell count, and 4% fat corrected milk of Holstein and Jersey cattle during cool
and heat stress climatic conditions

N
Milk Yield (kg/d)
SCC (100,000 cells/mL)*
FCM (kg/d)**
% Fat
% Prot

Cool
580
34.20 a
3.75 acd
35.69 a
3.81 a
3.17 a

Holstein
Heat stress
526
32.910 b
3.59 bcd
33.61 b
3.66 b
3.08 b

S.E.
0.151
0.035
0.179
0.018
0.006

Cool
140
24.79 c
3.86 abc
29.68 cd
4.69 c
3.64 c

Jersey
Heat stress
129
25.66 d
3.50 abd
30.22 cd
4.60 d
3.55 d

S.E.
0.288
0.066
0.341
0.035
0.012

THI
0.20
0.01
0.01
0.01
0.01

P<
Breed
0.01
0.92
0.01
0.01
0.01

Breed * THI
0.01
0.01
0.01
0.10
0.90

NOTE: Row values with different superscripts are different P < 0.01. “Cool” is a THI < 72 “Heat stress” is a THI ! 72.
* Somatic cell count ** 4% Fat Corrected Milk
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Table 2. Milk yield, milk components, somatic cell count, and 4% fat corrected milk of Holstein and Jersey cows during
mild, moderate, and severe heat stress climatic conditions
Mild
N
Milk Yield (kg/d)
SCC (100,000 cells/mL)*
FCM (kg/d)**
%Fat
%Prot

262
34.81 a
4.18 abcde
34.25 abd
3.46 a
3.19 ac

Holstein
Moderate
Severe

S.E.

Mild

506
32.85 b
4.18 abde
33.65 abd
3.69 bc
3.14 b

0.544
0.136
0.651
0.065
0.021

78
27.08 de
3.61 abcdef
31.97 abcde
4.63 def
3.71 d

358
30.39 c
3.84 acdef
31.14 cde
3.71 bc
3.20 ac

Jersey
Moderate
121
25.67 de
4.10 abcde
30.75 cde
4.68 def
3.63 ef

Severe

S.E.

THI

P<
Breed

79
23.76 f
3.31 cef
28.37 f
4.64 def
3.57 ef

0.834
0.251
0.998
0.121
0.039

0.01
0.01
0.01
0.05
0.01

0.01
0.01
0.01
0.01
0.01

Breed *
THI
0.62
0.01
0.86
0.20
0.01

NOTE: Row values with different subscripts are different P<0.01. “Mild” is a THI < 79 “Moderate” is a THI ! 72 < 90
“Severe” is a THI ! 90. * Somatic cell count ** 4% Fat Corrected Milk
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Figure 1. Milk yield (kg) of Holstein and Jersey cows during cool and heat stressed
climatic conditions.
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Figure 2. Somatic cell count of milk from Holstein and Jersey cows in cool and heat
stressed climatic conditions.
.
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Figure 3. 4% fat corrected milk from Holstein and Jersey cows during cool and heat
stressed climatic conditions.
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Figure 4. Milk fat (%) of milk from Holstein and Jersey cows during cool and heat
stressed climatic conditions.
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Figure 5. Milk protein (%) of milk from Holstein and Jersey cows during cool and heat
stressed climatic conditions.
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Figure 6. Milk yield of Holstein and Jersey cows during mild, moderate, and severe heat
stressed climatic conditions.
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Figure 7. 4% fat corrected milk of Holstein and Jersey cows during mild, moderate, and
severe heat stressed climatic conditions.
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Figure 8. Somatic cell count of milk from Holstein and Jersey cows during mild,
moderate, and severe heat stressed climatic conditions.
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Figure 9. Milk fat (%) of milk from Holstein and Jersey cows during mild, moderate,
and severe heat stressed climatic conditions.
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Figure 10. Milk protein (%) of milk from Holstein and Jersey cows during mild,
moderate, and severe heat stressed climatic conditions.
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